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REMARKS 

Claim 17 and 19-28 are currently pending. Claim 17 is the sole independent 
claim. Claims 18 and 29 have been cancelled. 

In the Office Action it was stated that claim 29 is directed to an independent or 
distinct invention. Claim 29 has been cancelled without traverse. 

On page 4 of the Office Action, the information disclosure statement filed June 
1 , 2004 was cited as failing to comply with the provisions of 37 CFR 1 .97, 1 .98 and 
MPEP §609 because the NCBI accession numbers failed to include an author and 
date. This has been addressed in a Supplemental IDS filed herewith. 

Claims 17 and 21-28 were rejected under 35 USC 1 12, first paragraph, for 
failing to comply with the written description requirement. The Office Action states 
that no support could be found for the amended claims that recite "wherein the amino 
acid sequence of the polypeptide and the amino acid sequence of SEQ ID NO:6 have 
at least 92% identity based on the Clustal alignment method". In order to advance 
prosecution, Applicants have amended claim 17 to incorporate the limitation of 
dependent claim 18, now cancelled, which is directed to sequences with "at least 
95% identfflty." As a result, this rejection no longer applies and Applicants 
respectfully request withdrawal of this rejection under 35 USC 112, first paragraph. 

Claims 17-18 and 21-28 were rejected under 35 USC 112, first paragraph, as 
forfaiting to comply with the written description requirement. 

The specification discloses to one of ordinary skill in the art a representative 
number of cycloartenol synthases with at least 95% sequence identity to SEQ ID 
NO:6. The specification at page 6, lines 8-19, discloses alterations in nucleotide 
sequence (SEQ ID NO:6, for example) that are not expected to alter functionality, 
such as alterations that produce a chemically equivalent amino acid at a given site or 
alterations in the N- or C-teiminal portions. Thus, from the foregoing, the skilled 
artisan would understand the specification to disclose a representative number of 
polynucleotide sequences that have different nucleotide substitutions but are within 
95% sequence identity of SEQ ID NO:6 and encode functional cycloartenol 
synthases. 

Submitted herewith is a copy of Abe and Prestwich, PNAS 92: 9274-9278 
(1995) (Abe). Abe discloses the molecular cloning, characterization, and functional 
expression of a rat oxidosqualene cyclase (OSC). Abe states on page 9275, second 
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column, rat OSC shares the highest homology with the cycloartenol synthase from 
Arabidopsis thaliana. The high homology is consistent with the similarity in the 
reactions catalyzed by the two enzymes (OSC and cycloartenol synthase). Abe 
states that the two enzymes share a very ancient ancestry. See page 9274, column 
2. Abe goes on to report conserved structural features of OSC, Including the QW 
motif [(K/RXG/AJXXCFA^/WJCL/IA/JXXXQXXXGXW], which is highly conserved 
repetitive motif, rich in aromatic amino acids (page 9276, column 1). The authors 
believe that the QW motif plays a structural or functional role in catalysis by 
stabilizing the carbocationic intermediates. Abe also disclose a highly conserved 
DCTAEA motif on page 9277, column 1. This motif is well conserved in all known 
OSCs and has been hypothesized to play an important role in the cyclase activity 
based on a point mutation in the corresponding motif in the bacterial enzyme almost 
completely abolishing activity. 

Abe also reports on page 9277, second column, the successful 
complementation between the Arabidopsis cycloartenol synthase and the yeast erg7 
(lanosterol synthase gene) mutant strain. This result confirms the expectation that 
cycloartenol synthases from divergent species are functionally similar. 

Attached hereto as Appendix A is an alignment of SEQ ID NO:6 with the 
Glycyrrhiza glabra and Arabidopsis thaliana cycloartenol synthases and the OSC 
from Rattus non/egicus and Saccaromyoes cerevisiae (NCBI General Identifier Nos. 
4589852, 541855, 1098634 and 1169548, respectively). Amino acids conserved 
among all sequences are indicated with an asterix above the conserved residues. 
Dashes are used by the program to maximize alignment of the sequences. The QW 
motifs and the highly conserved DCTAEA motif as disclosed by Abe are shown in the 
alignment. The comparison among the sequences in Appendix A demonstrates that 
the soybean cycloartenol synthase (SEQ ID NO:6) possesses the above-described 
motifs that are characteristic of cycloartenol synthase activity. 

In view of the above discussion, Applicants believe sufficient relevant 
identifying characteristics have been disclosed to allow one skilled in the art to 
determine Applicants were in possession of the claimed invention at the time of filing 
current application. In view of the foregoing, Applicants respectfully request 
reconsideration and withdrawal of this Section 1 12, first paragraph rejection. 
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Claims 1 7-28 were rejected under 35 USC 112. first paragraph, for failing to 
comply with the enablement requirement. 

Applicants believe that above discussion concerning written description, 
incorporated herein by reference, equally obviates this rejection. Accordingly, 
Applicants respectfully request reconsideration and withdrawal of this rejection under 
35 USC 112. first paragraph. 

Claim 21 was rejected under 35 USC 101 because the claimed invention was 
directed to non-statutory matter. 

Claim 21 has been amended and the phrase "A cell comprising" has been 
replaced with "An isolated cell" as suggested in the Office Action. Thus, withdrawal of 
the rejection is respectfully requested. 

It is respectfully submitted that all pending claims are in condition for 
allowance which allowance is respectfully requested. Copies of the Abe reference, 
Appendix A, Supplemental Information Disclosure, Petition for Two-Month Extension, 
and appropriate fees accompany this response. 

Please charge any fees or credit any overpayment of fees which are required 
in connection with the filing of this Response to Deposit Account No.: 04-1928 (E. I. 
du Pont de Nemours and Company). 




AGENT FOR APPLICANTS 
REGISTRATION NO.: 51,009 
TELEPHONE: 302-992-4061 
FACSIMILE: 302-892-1026 
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ABSTRACT A cDNA encoding rat oxidosqualene lano- 
sterol-cyclase [lanosterol synthase; C^-l^-epoxysqualene 
mutase (cydfzing, lanosterul-fonning), EC 5.4.99.7] was 
cloned and sequenced by a combination of PCR amplification, 
using primers based on internal amino acid sequence or the 
purified enzyme, and cDNA library screening by oligonucle- 
otide hybridisation. An open reading frame of 2199 bp encodes 
a M r 83,321 protein with 733 amino adds. The deduced amino 
add sequence of the rat enzyme showed significant homology 
to the known oxidosqualene cyclases (OSCs) from yeast and 
plant (39-44% identity) and still retained 17-26% identity to 
two bacterial squalene cyclases- (EC 5A99«-)~ like other 
cyclases, the rat enzyme is rich in aromatic amino acids and 
contains Ave so-called QW motifs, highly cons erred regions 
with a repetitive 0-strand turn motif. The binding site se- 
quence for the 29"methylidene-2^oxido$4ualene (29-MOS) , a 
mechanism-based irreversible inhibitor specific for the rer- 
tebrate cyclase, is well-conserved in all known OSCs. The 
hydropathy plot revealed a rather hydrophilic N-terminal 
regioo and the absence of a hydrophobic signal peptide. 
Unexpectedly, this microsomal membrane-associated enzyme 
showed no clearly delineated transmembrane domain. A. full- 
length cDNA was constructed and snbdoned into a pYEUra3 
ptasmid, selected in Escherichia eeli cells, and used to trans- 
form the OSC-deficieni uracil-auxotrophic SGL9 strain of 
Saccliaromycts cerevislae. The recombinant rat OSC expressed 
was efficiently labeled by the mechanism-based inhibitor 
[*R]29-MOS. 

Oxidosqualene lanosterol-cyclase (OSC) [lanosterol synthase; 
(.^2,3-cpaxysqualene mutase (cycliaring, lanostcrol-fornring), 
EC 5.4.99.7] catalyzes the conversion of (3S)-2,3-cwridosqua- 
lene to lanosterol, forming a total of six new. carbon-carbon 
bonds in a single reaction (1). The regulation of OSC levels in 
vivo has clinical importance and has been a potential target for 
the design of hypercholesteremic drugs (2). The formation of 
lanosterol is initiated in the chair-boat-chair-like conformation 
of oxidosqualene, and the proton-mitiated cyclization is pos- 
tulated to proceed through a series of rigidly held carbocat- 
ionic uicermediatcs (1). The intermediate C-20 protostcrol 
cation then undergoes backbone rearrangement to yield the 
lanosterol skeleton (Fig. 1) (3-6). Oxidosqualene is also the 
precursor for a variety of other polycyclic triterpeaes, and the 
relationship between enzyme structure and cyclization mech- 
anism has been extensively studied (1). 

Several OSCs have been purified to homogeneity from 
veitebnte (7-9), plant (10-13), and yeast sources (14). Re- 
cently, two OSC enzymes have been cloned and sequenced 
from the fungi Saccharomyces cerevisiar (15, 16) and Candida 
albicans (17-19). An oxidosqualene cycloartenol-cyclase was 
cloned and sequenced from the ylzntArabidopsis thaUana (20). 
In addition, two bacterial squalene hopene-cyclases (SCs) (EC 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advcrtiscmcnT hi 
accordance wuB 18 US.C {1734 sotelr to indicate tins fact 



5.4.99.-) have been cloned from AlicyclobacUlus acidocattteriu* 
(21) and Zymomonas mobilis (22). The predicted molecular 
masses of OSCs ranged from 80 to 90 kDa and the deduced 
amino acid sequences showed thai the bacterial, fungal, and 
plant enzymes share a very ancient ancestry. A highly con- 
served repetitive 0-strand turn motif rich in aromatic amino 
acids (the QW motif) occurs in all OSCs and SCs, and this 
likely serves a structural or catalytic role la the' cyclization 
reaction (23, 24). We previously reported mapping of the 
active site of rat liver OSC using 29-PH]mcthytidene-2,3- 
oxidosqualene (pH]29-MO$), a mechanism-based irreversible 
inactivator specific for vertebrate OSCs (8, 25-27). We de- 
scribe here the cDNA cloning and characterization of rat liver 
OSC, and we report the expression of a functional rat OSC in 
the sterol auxotrophic SGL9 yeast strain-t 

EXPERIMENTAL PROCEDURES 

Amino Acid Analysis and Protein Sequencing of Rat OSC 
Purified rat liver OSC was labeled with pH]29-MOS and was 
digested with CNBr or with endoproteioase Lys-C 'and se- 
quenced by Edman degradation as described (26). The fol- 
lowing partial sequences were obtained: CNBr 8-kDa frag- 
ment, VRYLJRSVQLPDGGWGLHHEDKSTVFG (aa 129- 
154); Lys-C 50-kDa fragment, NNVCPDDMY (aa 279-287); 
CNBr 6-kDa fragment, HKGGFPFSTLDDGWI VADDTAE- 
ALKAVLLLQE (aa 439-470). 

Library Construction and Screening. Male Sprague- 
Dawley rats were fed with cholestyramine and Fluvastatin 
(hytoxymethylglutaryl-CoA reductase inhibitor) for 1 week 
to induce t5-fold higher OSC activity relative to control rats 
(28). From the induced liver, total RKA was obtained by the 
add guanidium thiocyanate/phenol/chloroform extraction 
method (29)- A cDNA library was then constructed from 5 /ig 
of poly(A)* mRNA with the ZAP cDNA Synthesis kit with 
Lambda Uni-ZAP XR vector and the Gigapack II packaging 
extract (Stratagene), The titer of the resulting library was 7 5 
x 10 5 plaque-fbrining units/uJ after one amplification. 

For screening, a PCR amplified 500-bp cDNA fragment 
obtained as described below was labeled with [a-^jdATP- 
Recombinant plaques («1 x 10*) were transferred to nylon 
membranes (Hybond-N; Amersham) and hybridized with the 
radiolabeled probe in 5X SSPE (0.75 M NaCl/0-05 M 
NaHJPOd/i. mM EDTA, pH 7>4)/5x Denhardf s reagent/ 
50% formamide/0.1% SDS/100 pig of salmon testes DNA per 
ml at 42 a C for 24 nr. Membranes were washed three times with 
0,lx SSC (15 mMNaa/L5mM sodium citrate, pH7.0)/0.19& 
SDS at 55°C for 20 min. Two positive phage clones were 
purified and subcloned into Bluescript II SK- phagemids. One 
of the positive clones contained an a *2-kbp cDNA insertion. 

Abbreviations: SQ squalene cyclase; OSC, oxidosqualene cyclase; 
29*MOS, 29-methyHdene-2 > 3-oxldosqualene, 
To whom reprint requests should be addressed 
tThe sequence reported fn this paper has been deposited in the 
OeuBaak data base (accession no. U3X352). 
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Both strands of cDNA were completely sequenced by the 
dideoxynudeoude cham-texmination method using Sequence 
version 2.0 (United States Biochemical) (30). 

PCR Screening of cDNA Library. Degenerate oligonucleo- 
tides 5'-TG(T/C)CCNGA(T/C)QA(T/C)ATGTA.3' (sense) 
coding CPDDMY of the Lys-C 50-kDa fragment (aa 252-287) 
and 5 '-TCNGCKAC(G/A/T) ATCCANCC-3 ' (antisense) 
coding GWIVAD of the CNBr 6-kDa fragment (aa 451-456) 
were used for amplification of a partial sequence of the cDNA 
(524bp). Afterphage particles were disrupted (70 B C for5 min 
and then 4°C), 30 cycles of PGR were carried out as follows: 
1 min at 94*C, 2 min at 45 fl C, and 3 min at 72 ft C The 
gel-purified PGR. products were Ugated into pGEM-T plasmid 
(Promega) and sequenced. 

To obtain a full-length sequence, PCR amplification of the 
5' end of the cDNA from the library was first perfbrmcd using 
three primer sets of gene-specific internal antisense primers 
and nonspecific T3 primer coding part of the X ZAP vector arm 
(primer ratio, 10:1). Primer sets amplified 10Q0-, 570-, and 
200-bp fragments, each with the same 5' end sequence and 
each' missing several 5' nucleotides required for an expected 
fall-length cDNA- 

To obtain the full 5' sequence, the 5' inverse PCR method 
was used (31, 32). Po!y(A)+ mRNA (10 jxg) was first revcrse- 
tianscribed by avian myeloblastosis virus reverse transcriptase 
(2Q0 units), using 50 pmol of gene-specific antisense primer 
5'-ATGGCCACTGCACCACCTT~3' (nt 551-569) instead of 
the oligo(dT) primer. The reaction was run at 5Q 6 C for 1 hr to 
minimize the secondary structure of the RNA. After second- 
strand DNA synthesis, the cDNA was circularized by T4 DMA 
ligase (30 units) at 15°C for 50 hr. PCR was ihen performed 
by using primers 5'-AAGTCCATCTCTGCCGAC-3' (anti- 
sense, nt 95-112) and 5'-CGTGTCACATAGCACA03' 
(sense, nt 335-351) to amplify a 388-bp DNA fragment 
containing the 5' end sequence and an additional 41 bp of 5' 
noncoding sequence. 

Northern Blot Analysis. Poly(A) + mRNA from rat Hver was 
size-fractionated by electrophoresis on a 0.8% agarose gel 
containing 22 M formaldehyde. After the gel was treated with 
0.05 M NaOH, the denatured RNA was transferred to nylon 
membrane and hybridized with a 32 P-labeIed cDNA probe 
(using the 5' end 200-bp PCR product) and autoradiographed 
as described above. 

Expression of Recombinant Rat OSC in Yeast A yeast/Z. 
coli shuttle vector pYEUra3 (Clomech) was used for func- 
tional expression of the rat OSC cDNA m the yeast OSC- 
deficient mutant strain SGL9 {erg? tiral-52 ft£m3-6 gate) that 
was obtained from J. H. Griffin (16). The strain SGL9 is a 
segrcgant of across between OSC-deflcient mutant GL7 strain 
{er%7-skemB-6sal2) (33) and strain 9a (ura3-52). A full-length 
cDNA (2833 bp) was obtained by ligating the N-terminal PCR 
fragment (nt 1-1310) and the C»terminal fragment .(nt 1311— 
2833) excised from the above described 2-kbp Bhiescript 
insertion bjNde l/Xho I digestion. Here the PCR primers used 
are V-A AGGATCC ftTG ACC GAG GGC ACG TGT CTG 
C-3' (sense) (the BamWi site is underlined) and 5'-G GAA 
ACC ACC CTT GTG CAIAEQ GCG-3' (antisense) (theAWe 
I site is underlined). The amplified DNA was digested with 
BamHL/Nde I prior to the ligation reaction. The cDNA was 
cloned into the BamHl/Xho I site of the plasmid pYETJra3 



downstream of the yeast GAL1 promoter. After transforma- 
tion of Escherichia coli DH5a cell and selection on LB/ 
ampicillin plates, plasmids were recovered and checked for the 
insertion. The SGL9 strain was then transformed with the 
recovered plasmid by the LiAc method (34), and transformants 
were selected on synthetic complete (SDQ medium without 
uracil and ergostexol. 

Etuyme A^say and Affinity Labeling. The Ura* Erg 4 * yeast 
transform ant cell was first grown in 50 ml of SDC medium 
containing 2% glucose. When cells grew to ODeoo = 0.5, the 
medium was replaced with the SDC medium containing 2% 
galactose and incubated for another 3 hr to induce expression 
of the OSC gene under the GAL1 promoter. The cell pellet 
(100 mg) obtained after centrifugation was washed once with 
100 mM Tris-HO (pH 7.4), resuspended in 200 m1 of 100 mM 
Tris-HCl (pH 7.4) containing 1 mM dithiothreitol, and then 
broken by Vortex mixing with glass beads (eight times fox 4S 
s\ The cell-free extracts (100 /uJ) were incubated with (35)2,3- 
["C]oxidosquaiene (50 fj.M^ 55 mCi/mmol; 1 Ci = 37 Gfcq) 
or [ 3 H](35)29-MOS (1 *tM; 1.8 Ci/mmol) as described at 3<TC 
for 17 hr (8). For control experiments, the SGL9 strain alone 
and the SGL9 strain transformed with pYEUraS plasmid 
lacking the rat OSC insert were used. 

RESULTS AND DISCUSSION 

Rat OSC cDNA was cloned and sequenced from a rat liver 
cDNA library by a combination of PCR amplification based on 
partial amino acid sequence of the purified enzyme followed 
by cDNA library screening with labeled oligonucleotides for 
hybridization. The 2874-bp cDNA contained a 41-bp 5 1 non- 
coding region, a 2199-bp open reading frame encoding a M T 
83,321 protein of 733 amino acids, and 634 bp of 3' noncoding 
region (Fig. 2). A polyadenylylation signal (AATAAA) pre- 
cedes the poly(A) sequence by 27 bp, and an in-frame stop 
codon is located 36 bp upstream of the start codon. The 
predicted molecular mass of 83 kDa is consistent with the 
molecular size of the purified protein (78 kDa) estimated by 
SDS/PAGE (8). In addition, the sequence (underlined) sur- 
rounding the start codon (boldface), GCIQTCATGA showed 
good homology to the Kozak consensus sequence, QQC(Q/ 
A)CCATG(G/A), for the 5' noncoding sequence of vertebrate 
mRNA (35). Finally, on Northern blot analysis of rat liver 
poly(A) + mRNA,. a single transcript of «3 kb was detected 
(data not shown). 

The deduced amino acid sequence showed significant sim- 
ilarity to the yeast and plant OSCs: 40.2% identity (295/733) 
with S. ccrevisiae OSC. 39.0% identiiy (286/733) with C 
albicans OSC? and 44.2% identity (324/733) with A. thnliand 
OSC (cycloartenol synthase). It is interesting that rat lano- 
sterol synthase showed highest sinrilarity to plant cycloartenol 
synthase. The postulated cyclization mechanism of oxidosqua- 
lene to cycloartenol is essentially the same as chat for landstcrol 
formation, except for the final 9ft 19-cyclopropane ring closure 
instead of C-9 protein elimination (1). Only a slight modifi- 
cation of the active site of the enzyme could determine the 
product specificity. Rat OSC also showed substantial identity 
to two prokaryotic SCs that directly cyclize squalene into the 
pentacydic triterpene hopene: 26-3^ identity (193/733) with 
Z. mob'dis SC and 16.6% identity (122/733) with thermoaci- 
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Ro. Z Nucleotide and predicted amino acid sequence of rat liver OSC. A 2199-bp open reading frame encoding 733 aa is shown with the 
angle-letter code used for the translated amino adds. Nucleotides numbering begins with {he ATG scan codon. Amino acid sequences of peptides 
obtained from CNBr and Lys-C cleavages are undefined. 



dophilicA acidocaldarius SC. In general, the sequence is more 
highly conserved tn the C-termmal region than in the N 
terminus. Except for these cyclases, no other significant se- 
quence similarity was obtained from the GenBanJk/BMBL 
data bases. 

From sequence comparisons of enkaryotic OSCs and bac- 
terial SCs, we have previously reported the existence of the 
QW motif (23), a highly conserved repetitive motif rich in 
aromatic amino acids: [(K/R)(G/A)XX(F/Y/W)(L/I/ 
V)XXXQXXXGXW]. There are six repeats of the QW motif 
in rat OSC, four m the C-teminai one-third and two in the 
N-terminal one-third of the protein (Fig. 3). The motif was 
well-conserved in both eukaryotic OSCs and prokaryotic SCs. 
According to the to Plot program (36), a typical QW motif 
contains part of a 0-strand at the N terminus and a turn at the 
C terminus. We (37) and others (16) have postulated that the 
aromatic amino acids of the QW motif might play a structural 
or functional role in catalysis by stabilizing the cartocariouic 
intermediates through cation—rr interactions. 

Of 733 ammo acids of rat OSC, 175 residues (24%) are 
completely conserved in all four known OSCs (rat, yeast, 
Candida, plant). Overall, rat OSC contains a disproportion- 
ately higher number of aromatic amino acid residues that are 
completely conserved (16): Phe (13 of 2$ residues), Trp (13 of 
24 residues), and Tyr (13 of 35 residues). The negatively 
charged Asp and Glu residues in rat OSC are less highly 
conserved; Asp (6 of 36, 1 at the 29-MOS binding site) and Ghi 
(10 of 43). As proposed by Johnson arid colleagues (38-41), 
negative point charges at the active site of the enzyme could 
control the course of (he eyclization reaction by stabilization 



of the developing cationic centers on the cyclizing substrate. 
The electron density required for stabilization could arise from 
anionic or from aromatic residues. The higher conservation of 
aromatic residues relative to anionic residues is noteworthy in 
view of the suggestion that cation—rr interactions may stabilize 
cychzation intermediates (16, 23)- Interestingly, an anionic 
residue, P-456\ is implicated in stabilization of the C-20 cation 
after tetracyclrzarion but prior to hydride methyl migrations 
(26, 27). Furthermore, there are six conserved Cys (C-282, 
C457, C-534, C-585, C617, C-701, one at the 29-MOS binding 
site), and four conserved His (H-145, H-226, H-233, H-290) 
residues. The presence of an essential cysteinyl group in the 
active site of the enzyme has been previously suggested, since 
the OSC activity can be efficiently inhibited by SH reagents 
Such as /?-chlorOmcrCuribenzenesulfonic acid and N- 
ethylmalehnide (13, 42, 43). In contrast, diethyl pyrocarbonate, 
a histidyl-selective reagent, does not inhibit OSC activity (42* 
43). Finally, a disproportionately higher number of Gly (29 of 
59 residues) and Pro (11 of 38 residues) are also conserved, 
suggesting important conserved elements of secondary struc- 
ture. 

According to Kytc-Doolittle hydropathy plot analysis (44), 
rat OSC is a moderate*/ hydrophilic protein (Fig. 4). It has a 
hydrophilic region at the K terminus (D-5-E-53) as found in 
the yeast and plant cyclases. Furthermore, no signal peptide 
sequence was observed at the N terminus. Surprisingly, there 
were no significantly hydrophobic regions that may serve as 
possible membrane-spanning regions- Indeed, the EMBL neu- 
ral network program (45, 46) predicted the absence of helical 
transmembrane domains at the 95% confidence level The 
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Fig. 3. Summary of the highly conserved repetitive QW motili 
[(K/R)(G/APCX(F/V/W)(L/I/V)XXXQXXXGXW] in OSC from 
six species rat, Raitus rauus OSC; yen si, S. cerevisuze OSC; Candida, 
C albic&nt OSC; plant, A. thalinna OSC (cycloaxteaol Synthase); 
bacteria-a,-r4. acidocaldariur $C; bacterfa-z, Z. mobWs SC. Frequently 
occurring residues are in boldface; hyphens indicate gaps introduced 
to maximize alignment. 

microsomal cyclases appear to bind loosely to membranes; this 
may explain the ease of solubilization under mild conditions. 
A similar situation was reported for the recently cloned rat 
squalene epoxidase (47), another membrane-associated en- 
zyme that catalyzes formation of 2,3-oxidasqunlene, the sub- 
strate for OSC- Furthermore, in rat OSC, there are five 
possible N-gh/cosylation sites (N-383, N-517, N-6Q6\ N-6*92> 
and N-698). Although prclinunary results showed evidence for 
protein glycosylatiod, incubation with N-grycosidase did not 
reduce OSC activity (unpublished results). 

We reported previously that the two adjacent Asp residues 
(D-456 and D-457) in a putative DDTAEA motif (see Fig. 2) 
were labeled with the mechanism-based rrreversible inhibitor 
pH]29^MOS (26, 27), However, according to the deduced 
amino acid sequence, it now appears that the 29-MOS binding 
site sequence just N-teiminal of the QW-4 motif is actually 
DCTAEA, instead of DDTaEa. Interestingly, this sequence 
is well-conserved in all the known OSCs (15, 16) despite the 
fact that neither yeast nor plant OSCs can be labeled with 
pH]29-MOS (8). In Edman sequencing of the labeled peptide, 
elutjon Of the first steroid-modified Asp phenylthiohydantoin 
derivative might have carried over to the' next cycle, leading to 
miscalling of the residue. This carryover would be particularly 
difficult to detect given that it was followed by an underfvarized 
Cys. Therefore, only the Asp residue of the DCTAEA motif 
was actually labeled with the suicide substrate. Site-directed 
mutagenesis experiments will provide a further test fox this 
hypothesis. Recently, Foralla and co-workers reported that a 
point mutation. of die first Asp residue of the corresponding 
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TlO. 4. Hydropathy plots for rat OSC (A.), yeast S> censvaiaa 0$C 
{B\ and plant A. thaliana cydoartcnx>i synthase OSC (Q Deduced 
amino add sequence was analysed by Mac V£Ctor 4.1 sequence 
anafysis software (Kodak). Hie QW motifs and the 29-MOS binding 
site (DCTAEA)"arc indicated Plant and yeast OSCs are not labeled 
by [>H]29-MO$ ($). 

DDTAVV motif of bacterial A acidocaldarius SC caused 
almost complete loss of cyclase activity.* 

The 2.&-kbp rat OSC cDNA was cloned into the yeast/S. coH 
shuttle vector pYEUra3 (Qontech) and functionally expressed 
in the OSC-deficicnt yeast mutant strain SGL9 (erg? ura3-52 
hem3-6 gate) (16) under the control of the GALl promoter. 
Recent cloning of yeast and plant OSCs (15-20) were all 
achieved by complementation of this OSC-dcficient (erg7) 
mutant strain (33). The low copy number centromeric plasmid 
pYEUra3 is a modified version of AYES (pSE937) (48), which 
was successfully used for expression of yeast OSC in the SGL9 
strain by Griffin and co-workers (16)- The GALl promoter is 
induced > 1000-fold by the presence of galactose but is re- 
pressed by the presence of glucose (49). Like other OSC genes, 
the rai OSC cDNA appeared to complement the erg7 defi- 
ciency of the yeast mutant strain, since the transformant cells 
could grow on media lacking ergOstcxoL 

Enzyme activity for conversion of (SS^^-p^Cjcxidosqua- 
lene to lanosterol was detected only after galactose induction; 
the activity (27 frnol of lanosterol per min per mg of cell pellet) 
was <10% of wjQd-type yeast cyclase activity. A similar low 
OSC acriviry was found for heterologous expression of dn- 
4ida OSC in the yeast &rg7 Strain (17). In contrast, plant A. 
thaliana cycloanenol synthase OSC was successfully expressed 
in the erg7 strain under the control of PGKI promoter (20). 
The low specific activity of the recombinant rat OSC may be 
due to decreased stability of the heterologous protein; after 
galactose induction, no novel protein band was observable at 
**80 kDa on SDS/PAGE. 

As a critical test of the authenticity of tins heterologously 
expressed recombinant rat OSC, the cell-free extract was 
incubated with PH] 29-MOS, a mechanism-based inhibitor that 

JPoralla, K_, Ocha, D. A Feil, CL, American Oil Ch enlists 1 Society 
Symposium on the Regulation of Biosynthesis and Function of 
Uopentenoids, May 9-10, 1994, Atlanta, 
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Fig. 5. pHJ29-MOS affinity labeling of call-free extracts from the 
transformed yeast mutant strain SGL9 (erg7). Rat OSC cDNA was 
expressed under the control ofyeasc GALl promoter. (A) SDS/PAGE 
(75%) gel stained with Coqmassie blue. (B) Corresponding fluoro- 
gram. Lanes contain cell-free extracts as follows: lane 1, SGL9; lane 
2» iransibrmed SGL9 before galactose induction; lane 3, transformed 
SGL9 after induction; lane 4, purified rat native OSC loaded to 
visualize stained protein; lane 4', purified rat native OSC loaded with 
enzyme activity equivalent to ihat of SGL9 extract in tone 3. 

forms a covalcnt linkage to an Asp residue of the vertebrate 
but not ptant or yeast cyclase active site (8, 26). Fife. 5 shows 
a single radioactive band with the same molecular size («=S0 
kDa) as the native rat OSC At equivalent levels of OSC 
enzymatic activity, the intensity of labeling of the yeast- 
cxpressed recombinant rat OSC by pH]29-MOS is essentially 
identical to that of the native rat enzyme. This report thus 
constitutes isolation, sequencing, and functional expression of 
a vertebrate enzyme responsible for cydization of 2,3- 
oxidosqualene xo lanostcrol. 

Note, After the cDNA sequencing was completed,^ a short commu- 
nication describing the sequence of a cDNA encoding rat liver OSC 
appeared (50). The communication, which does not provide any 
experimental details, shows a sequence (GenBank accession no. 
D45252) that differs from that shown in Fig. 2 by seven amino add 
residues; moreover, expression of a functional OSC protein was not 
reported 



&Abe, I. & Prestwich, G. D. T Poster Session, 14th Enzyme Mechanism 
Conference, January 4-7, 1995, Scottscble, AZ. 
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Appendix A 

Comparison of the amino acid sequences of the cycloartenol synthase from 
Glycine max (SEQ ID NO:6), Gfycyrrhiza glabra and Ambidopsls thaliana and the 
oxidosqualene lanosterol-cyclases from Rattus norvegicus and Saccarvmyces 
cerevlsiae set forth in NCBI General Identifier No's. 4589852, 541855, 1098634 and 
1169548, respectively. Amino acids conserved among all sequences are indicated 
with an asterix above the conserved residues. Dashes are used by the program to 
maximize alignment of the sequences. The conserved motifs as disclosed by Abe and 
Prestwich [(1995) PNAS 92: 9274-9278] are indicated below as follows: QW motifs 
are underlined and the DCTAEA motif is indicated by arrows below the conserved 
residues. 



* ** * 

Gi-' tlllst M WIOCiKI AEGGSPWLRTVN- NHVGRQVWEF -DPKXGS PEDLLE IEKARQ 

«t' , n lllL WKIiKIAEGGSPWLRTTN- lIHVGRQFWEF-DPNLGTPEDLAAVEEARK 

Gx. 1169548 MTE-FYSDTIGLP- KTDPRLWRLRTDELGRESWEYLTPQQAAHD--- - 

* 

nf Q ^oool! nfhdnrfthkhsadllmrmqparenptrevlpkvgvkdiedvtqeivtktlrravsprst 

ri' effff" NPInJNRFIHKHSADLLMRlHFAKENP>fIIJEVLPKVRVKD IEDVTEETVKTTLRRAMJFHST 

** * * ***** , + „ qw_7 

Gi: 1098634 LQAED-GHWA.GDYGGPLFJjLPGLLlTCIIIA HIPLP ACTYREfcwvp vt tj ovai- n 

*** ** ** * » ^ <a# Qw-s 

rf Q f«oo« GLHIEGPSTMFGSVLSYITl^RIjLGEGPlttGQGEMEKAP^WILGHGGATYlTSWGKMWLSV 

rt*' cfnfff 2 G^IEGPSTOIFGSVLNYVAIiRLIjGEGPOTRQGEWEKGRDWILGHTOA 

ri'' ™ff, GM1MPSTMFGS ^ Vm ^GBGP^GDGDMBKGPX W I^Y^TO"lwG^Iv 

r- 5 ,\°!SPf OLIJIEDK STVFGTAljSYVSrjRILGIGPDDP - -DLVRA^LHKKaGA^rpf SaSSf V 

Gx: 1169548 OMTOTVWW^^ 

* * * • *» **** „ * * » 

rf° fL«« LGVYEWSGBIWIjPPEIWLLPYMLPFHPGRMWCHCPJIVYLPMSYLYGKRFVGPISPTVL 

G ?ii2! S lo ^ ewsg ^ plppei ^ l p^plpihpgrmwctcrmvylpmsylygkrfvgpit^ 
Gi. 1169548 lnlvkwegvnfj^pstwi^yslpmi^^ 

* * * * ** 

£ ROBlyvedyasidwpaqknnvcp-ddmytphewllhwygi^ye:!^ R^s 

Gl; 1169548 Rl^IYTKPFDKINFSKNRNTVCGVD-LYYPHSTTLNIA-NSLVVFYEKYljRN^iys^ 
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SEQ ID NO i 6 
Gi: 4589852 
Gi: 541855 
Gi: 1098634 
Gi: 1169548 



SEQ ID NO; 6 
Gi: 4589852 
Gi: 541855 
Gi: 1098634 
Gi: 1169548 



SEQ TO NO : 6 
Gi: 4589852 
Gi: 541855 
Gi: 1098634 
Gi: 1169548 



SEQ ID NO : 6 
Gi: 4589852 
Gi: 541855 
Gi: 1098634 
Gi: 1169548 



SEQ IB NO:6 
Gi: 4589852 
Gi: 541855 
Gi: 1098634 
Gir 1169548 



SEQ ID NO: 6 
Gi: 4589852 
Gix 541855 
Gi: 1098634 
Gij 1169548 



SEQ ID NO: 6 
Gi: 4589852 
Gi: 541855 
Gi: 1098634 
Gi: 1169548 



SEQ ID NO; 6 
Gi; 4589852 
Gi: 541655 
Gi: 1098634 
Gi: 116954B 



^ w W w W * * + ^ 

DGMKMQGYNGSQLWDTAFAVQAII- -ASNLIEBFGPTIRKAHTYIKNSOVT F-nn b^txt 




QGMTIMGTOG^QTWDC^AlQYFFVAm^RPEFy^IVSAYSrSS^ 



iPDTECVPGS— 




,^ ;::: ~ S SESSSSJSSSS^ 




QVL--QSR 

RVL--QSQ 

QVIjLQQGE 

LYPDNTLAGHI 
AYETHTL 
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